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- Form Factor definition

F(@) = [ doe () = 1-k%)+0(q")
- Nucleon current @
M = FyyP + S Foict gy
- Fourier Transtforms in Breit Frame v
Ggp = FI1-— ’TFQ—> 1 for p, 0 for n, for Q>— 0
Gy = Fi1+ Fy— 279 for p, -1.91 for n,

for Q> —0; T = Q*/4M?



Rosenbluth Separation:

T c Virtucl
Photorn

- For Q?> 1 (GeV/c)? the electric
form factor 1s difficult to measure

- At low Q?, the magnetic form
factor becomes difficult to extract
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- Mott cross section describes the scattering
of a spin 2 electron off a spinless, point-like

nucleon:
a’ cos’ (Qj
2

(d_vj )
A€ o 4E” sin* (gj{l +2(E/M,)sin’ (gn




a 1.5
o
"l

< 1.4

1.3

1.2

1.1

1

0.9

0.8

0.7

0.6

IIII|IIII|IIII|IIII*IIII|IIII|IIII|IIII|IIII

i il L IS ﬂ{,% g‘h?é i

1

A Cattan [04]
# Andiahiz B4]
W valkar [E6]
+r Simon [E0]

# Hohlar [7E]

¥ Mumphy [F5]
Barkowski [74]

£y Baral [73]

¢ Berger [71]
M Price [71]
Litt [70]
Janssens [Ga]

102 2x10®

10

-1

210"

2 3 4 5678
Q® [(GeV/c)]




0.7 ¥ sill @3] Borkowski 4] Litt [70] GD _

0.71

~r Bostad [82] £y Baral [73] Janssens [B8]
0165 | | | |||||| | 1 ||||||| | | ||||||| | I“
10% 23107 10" 2x10™ 1 2 34567 10 20 30

Q® [(GeV/c)]

A Catan [04] B Walkar [&6] % Berger [71] 2 -2
® Andiahis B4] | % Hohiar [7E] M Price [71] <1 Q >

[+ ]




i**!]-ii{i Ry 1

4

# Qattan » Bartel

W Christy B Berger

# Andivahis | = Price

» Walker Litt

= Hohler Janssens

+

2x1072 107  2x101 3 4 5678910
Q’ 2




- GP/GyP 1s measured directly:

- Polarization transfer
measurements use a Focal
Plane Polarimeter (FPP)

- P, and P, of the scattered
proton are measured
simultaneously (using ?C)
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- Guichon and Vanderhaegen (2003): although small (few %) the 2-
photon effect 1s accidentally amplified in the Rosenbluth method!

- Blunden et al. (2003) did a first model-dependent calculation of the 2-
photon effect and found small corrections with strong angular dependence
at fixed Q?, proving significant for the Rosenbluth method — they
explained about half of the discrepancy!!

- Chen et al. (2004) related the 2-photon effect to the GPD and resolved most of
the discrepancy between unpolarized and polarized data!!!
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- Direct QCD calculations
- pQCD scaling at high Q?
- Lattice QCD at low Q?

- Meson Degrees of Freedom
- Dispersion analysis, Hohler et al. 1976
- Vector Meson Dominance (VMD), Lomon 2002
- Soliton Model, Holzwarth 1996

- QCD based constituent quark models (CQM)
- LF quark-diquark spectator, Ma 2002
- LFCQM + CBM, Miller 2002
- LCCQM, Faessler 2006
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- Capitalize on the magnetism of o

u
the nucleus o4

’

B

,” POLARIZATION AXIS
+

- We can polarize a collection
of nuclei

" ¢ (i% Ci) AMAGNETIC

FIELD

b, % s
¢ - Polarization observables
/ POLARIZATION will manifest themselves!

(not 100%)

INTRINSIC ANGULAR MOMENTUM
"SPIN"



Goal of BLAST was to map GgP/G, P, Gg", Gy," in the low
Q? region of the pion cloud

Systematics different from Polarization Transfer Method
— 1nsensitive to P, and P,

Q2=0.1-0.9 (GeV/c)?

— 1nput for P.V. experiments

Exploits unique features of BLAST
— internal target: pure 1sotope, fast spin reversal
— large acceptance: simultancously measure all Q? points
— symmetric detector: super-ratio measurement



Proton
Polarization PN TS

Left sector Right sector



Proton -
Polarization //-ii'

- Differential cross section for longitudinally
polarized electrons scattered from a polarized

proton target: e
do
—— =2+ hA
d(
- Spin-Dependent 4B 2ev, c080° GE S —2./22(1+ T)v,y, sind’ cos ¢ GLGr
Asymmetry: 5 A+, Gg 2 2, Gfif 2

N_-N_-N_+N_
- Experimental Spin-Dependent Asymmetry: <% ~ FhA= e

_Super Ratio: R = A, 2w.cos8, —2.2t(1+7)v,, sind, cos g, G} /G,

" A, 2wpcos0, —2.2t(1+7)v,, sin 0, cos g, GL /G?
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Transverse Kinematics

- BLAST, 2 =0.92
Hoehler, Pth = 51.8+/-0.3%

Parallel Kinematics

i BLAST, 2 =348
Hoehler, I'-"hl'-"t =51.9+/-0.2%

0.2 0.3 0.4 0.5 0.6
Q? (GeV?)

BLAST Left Sector
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BLAST Right Sector




.. . 1 = left,right sector
Aij(/@) — pZiB) + i (B By ot (1)

. R2 :
€j Rj T 7; B = spin angle
e Single-asymmetry
Method
measure P first,
use to calculate R e Global Fit Method
model-dependent fit for P. R.. R
y 11 2y v

e Super-ratio Method from all A;; together

2 equatjons mP. R model independent

— 1in each Q% bin j

independent measure of
polarization in each bin!

better statistics
Nn+1 parameters

can also fit for S

2N parameters Pj, Rj
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- BLAST collaboration fit
Friedrich-Walcher
parameterization

Mainz A1: He(een;
-Bates: “H(g, )

* The SIOpe at QZ:O IS an | , e
important constraint oo

02 04 06 08 1 1.2 14 16 1.8
dG

[ ann _,
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* BLAST data at lowest Q? is in good agreement with slope



* Parametrize the nucleon form factors by

6N(Q%) = 6,(Q%) + a,Q°6,(Q?)
* a, is the amplitude of the bump

For example

(” Qp\?

<\ 0p

n a10 a20
O = (1+Q%/a11)? +(1+Q /ff')l)f)-lhor Q° (
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- Just like particles appear in

- Pion as a pair of quarks vacuum...

0

4 | .
a 'IE__ T
-~ " -
. 4 - :
. >/\J_\J ..r
>4 L

... pions pop up continuously - Pion contribution can be
at the nucleon surface revealed in e-N scattering




The Pion Cloud

Friedrich — Walcher analysis
“N=an+b(p+xz) a+b=1

=n + < pol.
“pP=ap+bn+x) a+b=1
=p+ < pol.

Pol. =

Effect of pol. on p small since p has
net charge +€

Effect of pol. on n large since n has
net charge Oe
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Preliminary BLAST G data




Preliminary BLAST G,,P data




Preliminary BLAST G,," Data
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* Preliminary result

* Only 50% of data,
final data should reach
0.5 (GeV/c)?

« Use Arenhovel’s
calculations for G",,
and contribution of G".

* Need to combine
with other BLAST
measurements for
global fit

* Provide low Q2 data
Check bump
Pion cloud
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Smooth Dipole

Non-relativistic Fourier transform
of the neutron form factor

Smooth dipole corresponds to the
constituent quark core

Bump corresponds to a diffuse
pion cloud



I. Friedrich and Th. Walcher

hampered by severs modsl-dependencies of the resals,

by therefore were nncertain to about 50%. The amerzing
rewnlts were describable by the o called Galster parameteriza-
tion, which starfed out from the nsnzl dipole £t which repro-
duced Gep, Garp, a0d Garn reasonably well and which was
mulnplied by some approprizste fanction in order to account for
the condifion & ea()” = 0} 0 requirad by the vapizhing
charge of the nentron. This Galster form is given by

1
i1+ Q!_.'ﬂ;.!D]! 8

ag T

e

(I

CeaQ@7) =

where T = 2/{2m_? and m, = 0.930 GeVic? is the neu-
tron mass. The parameserm?, was taken as the standard dipole
value m} = 0.71 (GeVic) and ac = 1.73 in order to repro-
duce the measured root mean sgu adms of the newron of
1 —6 A, (D7) d Q% ga —0.115 fm? a5 deter-
mined from the scatering of thermal neumons [15]. Thus the
only parameter free to be firted to the data was b, and it was
determined w b 4.59. The Galster form has no partics-
lar theorencal justification and may rather hide the essental
phy=ics.

The collecred dara for G, deremmined recentdy from po-
larisanion measurements are depicted in fiz. 1. These 15 dama

fillad diamonds [2.3]. cpen diamond [4). open star [9], opsn imangls
[14]. open pentagon [12,13], and filled tnangle [10, 11], the measuare-
ments with "Ha are shown 23 filled squares [3—5]. The fill curve de-
picts the fit of the parame ey

curwe is a varant with slightly chamged parameters as explaired in the
text, while the dotted curve is a fit using the Galster form, i.e ag (1}

points, which are not hampered by model nmptions, have
been taken with 8 very different experiments rups, and the
dara podnts aken with the same semps weare taken over periods
separated by long troe intervals. Also, the semps had very dif-
ferent systematic emors and cormrectons dus to puclear binding
affacts. Therefore, it is justified to consider the data as statiso-
cally independent. Since the corrections are less certain for the
measuraments on “Ha than for the loosely bovnd deuterinm,
the measremants on the two targers are disdnswizhed in fiz. 1
by markedly different svmbols. It is not the sim of this paper,

: Form Factors of the Mucleon

howenver, to dizou ritically these experiments bar just to ke
this data set serionsly and to iovesnzare its essenral feamras.

It is evident from fig. 1 that the data can be as well regardad
as @ broad disoribution and a peak sround @* == 0.3 (GeVic)?
0ot present in the smoother Galster fir

In order to get some insizhr into the conseguences of this
altermative form we have added 2 term to the form of eq. (1)
which is zble to describe an addinonal peak with ressonzble
boundary condifions

a? n
(L4 b+t P

o d ?
Tteq il +7aor

Gea @) =

2)

The rms radis is pow given by the sum of o and d. consmained
w (a + dii2m,i? g = and we fixed o and d o0
a = 0.7 (GeVic)~® and d = 0,12 (GeV/ic)~2. The parame-
ters & and f were kept fixed ar 0.5 (GeVic)~ 2 Minimising v ?
vielded b = 0.29 (GaVic)—2 and « 168 (GaVie)

wa only want to have 3 parametrisation which reproduces the
data within the experimental error bars without associsting amy
parncnlar physical mesning to the single parampeters. In fact
as seen m fig. 1, this form reproduces the data well. It 15 not
meznmzfol to Zo inte any detall of an srror apalysis, instead
wa only show by the example of the dashed-domed curve that
with above paramemizadon the “peak-region™ and the rzil w
higher momentum ransfars are essentally described indepen-
dently from each other. For completeness we just menton that
the 13 of the Galster form is by Ay? = 4.8 bizgzer than thar of
the two others.

As iz well knoam [16], though sometimes guestionad (fora
discuzsion of this problem see ref. [17]), the Founer mansform
of the alecric and maznetc Sachs fonm factors Ge( ") and
ar (3% Tepresent the charze and magmetic density distribu-
tion i the Brait frame, where the energy transfer w = 0 and
the three-momentm ransfer |qg, .| = &5 we denote these
dismibwtons by @ ¢, which thns is given by

PEs

dw
T III

S L P
Gl de}

Qr

3

Fefinements to this reladon are discnssed in derail m ref. [18)
wheara it 15 also pomtad out that correctons cannot be defined
withous model assumptions. Since we are inferested in the g
features of the measured form factors and the spatial distribu-
tions, we ass our farther discussion on eq. (3. A more refined
approach may result in some compression of the resulnng
tributions in r-space, which should not alter their salient fea-
tares and which are theref
paper

Fig. 2 shows the charge dismibution in the nenmon, po,.
caloulated via eq. (3) with above given firs o &e,. We have
plowed v2pp,, (+) which represents the chargs in 2 spherical
shell at radis r. The charge distmibunon of the Galster it shows
the wall known “zperiodic™ shaps with a positive bump m the
interior and a negative nunp at the outside of the neumon. This
characteristc feanme also results fromn an ansatz for the form
factor with the superpositon of two appropriate dipole forms,
1o which the Galster parmmeterization 15 2 good Spproxnnanom.
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T g (1 ) im

v/

Fig. 2. The differential radial charpe dismibution of the reumon in the
Breit frams erived by a Fourier mamsform. The coding of the lines

The fir with eq. (2). however, which accounts for the bump
in T, at @F = 0.3 (GeVicy, resulis in an oscillatory be-
haviourof ge,, (v (zeafiz. 2} TLm zhthe oscillatory behaviour
depends on the particular fiming form we shall show that it is
the nnwp which shifts more charge to the outside than does the
Galster fit. Since this outer region should be dominated by the
picn clond, the corresponding conmibutdon should show up as a
general feanue also in the other fonu factors, whers, however,
a3 formn factor nunp of the same order of magnimde can only be
axpected to be a few-parcent contribution.

With this in mind. we reconsider all four macleon form fac-
tors i the following.

3 The data base

Takle 1 grves an overview of the data which we have taken into
consideration togather with the (J2-ranges which they cover.
For &pp we have omitted in the final snalysis the data by
Andivabis -'-t al [22]. I the (*-range of these data, g F
thus its determinztion via a Fosenblarh separaton is _l.1;te
uncertain. In fact these data are clearly incompanble with the
new results from polarizaden measurements nowhich pot the
':u.uaff_li. +T -r_'-'i_, 15 measured bat the ratio &g/ Gare. It
iz swatghtforward to detenmine ¢ fom this rado if one rakes
the prevalling & yr, as knpown from measurement
For 7 a1, We took into account the same dataa
i. & the datz by Hoehler et al [29] up to 92 =
and those revized and comipiled recently by Br. 15L'| etal.
additdon we alse wsed the data by Hanson et al [23].
For g, we have only taken into account the data from
poladsation messurements. The measurament fm [35,
ounly % .. thas the sign of (7 g, remains undetenuined, and the
arrors are so large that the data can essenfially be regarded as
upper limits only; we did not take them into account in the i
Other detenminztions of g, were very uncertzin due fo the
madal dependency of the extraction of 7, from the measared
cross sactions, and we did pot take them into considerstion.
Far sy, the data by Markow:tz e al [39] and by Bruins
et al. [40] were omimed in the apalysis as was already done

LEFT

s Eelly [18],
(Gc-_‘-.' c)?
[45].In

Measurement
Cxp

e, =)

¥ -range reference

Simom et al. [19)
Price et al. [20]
Hargar et al [21]
Andivahis ez al. [22]
Hansen et al [23]
Pospischil etal. [24]
Milbrath e al [25
Dtigterich et al [24]
Jomes ot al. [27]
Garyou et al. [28]

dle, ='p)

wE e P

Gap

e, ) 002 - 015

Hihler at al. [29]
Janssens atal. [30
Bergaretal [21]
Banmiel et al. [31]
Walker etal [32]
Litt et al. [33]
Andivahis ez al. [22]
5ill et al. [34]
Hanson ef al [23]

dle, ='p)
GE

die, & nip

013
028
030, 0.58
034
049.- 147
076

Harberg atal [3]
Edenetal [1]
Seimetz et al. [10]
sirick et al. [2]
Madey etal [12,13)
Glazier et al_[11]
Dtay ot al.[14]
Passchier et al. [4]
Il etal [9]
ackar ot al [6-8]
Ruaohe ot al. [5,8]

d e, &nlp

THe(2, dn) | D40

dfe, & Hapson et al [23]
Lung ot al. [35]
Chin
dle, &'m)p Eubono et al [34)
Xu et al. [37]
Arklin et al. [38]
Markowitz ot al. [39]
13- 0 lf]] Hmainz at al. [£0]
024 - 0.78 Anklin et al. [43]
dle, ='p) Hanson ef al [23]
dle, ") Lung at al. [35]

Rock at al. [£4]

Table 1. Overview of data taken meo considetation (7 in (GeVic)®)
The data l=ft out in the final amalysis are pur ino parentheses. The
reactions are as indicated; dfe, ') refers to quast elastc scattering.
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Th:—:l;.:—nsu:ed mucleon form factors and their descripdon by the
The full line reprasents the the sum of the two
-:Ir.n}]es and the -T.mu m. which are also shown separately, the second
dipole form being nmitiplied by -1 in order to make it positive for this
logarithmic plot. For Gz, we also show the sum of the two dipales
separately

‘alcher: Form Factors of the Nuclean

_cm el l—v—c
Hanson &t al.
polarisaion dajs

Fiock et al

actors and their phenomenalog-

ripticm di w1 scdard dipole form facror. The full

limz represents the fall fit. while the braken line is ool h.- smoath
maim part. i & the sum of the twao dipales.

This quantty 15 shown i fiz. 7. Here_ the coniribution fom the
bamip in the fornm factor i3 clearly visible as cscillaton (met
charge = 0). Its phase n r-space is such that it puts additonal
smength on the ::11]:-;\]-'- fiorm in the outer region with maxima be-
tween 1.5 (Gwp) and 2.0 fm (Gep, Gars). The second dipole
“:I'l!i. smmall s:u:lm.'n -:clnrjt!u tows 1n the intertor of of & ep | and
MG ), respectively, zible in o Garp ). For Gee
the oscillaton gives the tahl piF) in the outer rern:l:l cenmad
around 1.7 fim ile the inner part is dominated by the dif-
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Chiral Dynamics of Barvons in
a Lorentz Covariant Quark Model

Amand Fasesler, Th, Gutscha, V. E. Lyubovitskij, K. Pumsa-ard

Instatast fiir Theoretische Physik, Universitdd Tihingen,
Ay der Morgenstelle 14, DLy2a% Tibingen, Germany

{Diated: .“'.pri| 12, 200G}

We dwebp o mu.niEe:tly Lorentz oovariant chiral qua.rk model for the st udy af b-:lr_von." as bound
states of constituent quarks dressed by a cloud of pseudoscalar mesons. The approach i= based cm o
non-linear chirally symmetric Lagrangian, which iommobres effective degrees of freedom - constituent
quarks and the chiml {pseudoscalar meson) Gelds. In a ficst step, this Lagrangian can be ased to

:‘E perform a dressing of the constituent quarks by a cloud of light pseudcscalar mesons and other heavy
— states using the cakulational technique of infmared dimensional regularization of loop disgrams. We
= calculate the dressed transition opermtors with a proper chiral expansion which are relesant for the
| interaction of quarks with external fields in the presence of a virtual mescn cloud. In a second
: step, these dressed operators are used to cakulate baryon matcix elements. & pplications are worksd
L out for the masses of the I:Gr_von ootet, the meson-nuclecn sigma terms, the magnetic maments af
=T the baryon octet, the nucleon charge radii, the strong vector meson-nuclecn couplings and che full
1 momentum dependence of the electromagnetic form factors of the oucleon.
- PACS pumbers: 12.30.Fe, 12,30 Ki, 15.40.Gp, 14.20.Dh, 14.20.0n
Koywords: chiral symmetry, offective Lagrangian, relstivistic quark modal. rudson alectromegnetic form
] factors, mescn-mucleon sigma-tamms, strong veotor mason-miclson couplings
-
-
- 5
= *Use b del tituent k
— S€ bag modcel (constituent quarks
TS . . .
fo— [
= Restore chiral symmetry by requiring
=
i
-~

continuity of axial vector current across
bag boundary

*Requires external pseudoscalar field
(pion cloud)

*Couples pion cloud properties to const.
quarks inside bag

In F — W analysis, cloud fit to data
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1t measurement of pnGP/G,,P using
a polarized beam and a polarized target

Improvement 1n precision

of uGP/G,P at Q* =0.1- 0.5 GeV?
Improved precision of G;"
Sensitive to the pion cloud

Self consistent description of all 4 form
factors from the pion cloud
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